One of the most challenging issues of anti-inflammatory lines. In conditionally immortalized human endometrial gene therapy is the complexity of inflammatory pathways.
Introduction
suggests that intracellular transcription factors, in partiGene therapy has been proposed as a novel approach to cular NF-B, represent such a target. Transcription factor delivery of therapeutic proteins to sites of inflammation.
NF-B 4,5 is the pivotal intracellular regulator of inflamRecent publications demonstrated the efficacy of gene matory responses. Five members of the mammalian NFtransfer in animal models of inflammation, [1] [2] [3] and also B family are known: NF-B1 (p50), RelA (p65), c-Rel, revealed problems of anti-inflammatory gene therapy.
RelB and NF-B2 (p52). Although NF-B is considered One crucial issue concerns selection of an appropriate tarany dimer of these proteins, classic NF-B is the p50-RelA get for intervention. As chronic inflammation is perpetudimer. In unstimulated cells, NF-B is retained in the ated by numerous autocrine/paracrine loops of inflamcytoplasm through an interaction with an inhibitory promatory mediators, successful therapeutic approach tein IB. There are several inhibitory proteins that comshould address the multiplicity of inflammatory pathprise a family of IB proteins. 5, 6 Exposure of cells to ways.
inducers causes the rapid degradation of IB, leading to Since the cells in inflamed milieu are both sources and the appearance of NF-B in the nucleus. In the nucleus, targets for inflammatory mediators, an attractive way to NF-B binds to B sites in promoters and enhancers of simultaneously suppress the multiple inflammatory pathtargeted genes and activates transcription. A variety of ways is to inhibit the cytokine-and growth factorstimuli can activate NF-B, among them interleukin-1 induced cell activation. This should suppress the (IL-1), tumor necrosis factor alpha (TNF␣), plateletinflammation at the point where the effects of multiple derived growth factor (PDGF), LPS, oxidative stress, viruses and viral products. Activated NF-B induces expression of cytokines IL-1, TNF␣, IL-6, IL-8, Gro␥, cell (iNOS). 4, 5 Interaction of NF-B with other transcription factors including AP-1, NF-IL6 and Sp-1 results in synergistic activation of other inflammatory mediators. 4, 7 Recent studies have shown that at least a part of the antiinflammatory efficacy of acetylsalicilic acid and glucocorticoids is due to the ability to inhibit activation of NF-B. 8, 9 Gene transfer of specific inhibitors of NF-B to the inflamed tissues should provide selective suppression of NF-B thus obviating side-effects associated with conventional remedies. In the present study, we examined the feasibility of using gene transfer of wild-type (wt) IB␣ for suppression of inflammatory responses in human monocytic (THP-1), mesenchymal (primary endometrial stromal) and epithelial (HT-29) cells. We show that stable expression of exogenous wt IB␣ cDNA resulted in sustained, low-level overexpression of IB␣ protein in the progeny of transduced cells. This drastically inhibited multiple inflammatory responses in monocytic and fibroblast-like cells. In contrast, inflammatory responses in colon epithelial cells were unaltered. These findings indicate the feasibility of using specific inhibition of NF-B for the suppression of multiple inflammatory responses in appropriate target cells.
Results

Stable expression of exogenous IB␣ inhibits inflammatory responses in endometrial stromal cells
Exogenous IB␣ was expressed in conditionally immortalized human endometrial stromal cells 10 by stable trans- Figure 1d (data not shown).
Figure 2 Induction of IL-8 and Gro␥ by IL-1␤ is inhibited in IB␣-transfected human endometrial stromal cells. (a) RT-PCR. Cells were stimulated with IL-1␤ (1 ng/ml), total RNA was reversely transcribed and subjected to PCR amplification with internal primers to human IL-8 (34 cycles), and human Gro␥ (40 cycles). The PCR products were resolved Figure 3 Retroviral gene transfer of IB␣ to monocytic THP-1 cells on agarose gel electrophoresis. (b) Northern blotting. Samples of total inhibits LPS-stimulated degradation of IB␣ and activation of NF-B RNA (10 g per lane) from IL-1␤-stimulated cells were resolved on aga
differs from that of endogenous IB␣. This allowed discrimination of exogenous and endogenous IB␣ mRNA (Figure 3a) . The exogenous IB␣ mRNA was heavily clone did cause degradation of IB␣. This degradation was partially inhibited in IB␣-transduced clones (Figure expressed in IB␣-transduced clones, with the level of exogenous IB␣ exceeding that of endogenous IB␣ 3b). Gel-shift assay of nuclear extracts from LPS-stimulated cells revealed the presence of three NF-B commRNA more than 100-fold. Similarly to that observed in endometrial stromal cells, the high level of IB␣ mRNA plexes (Figure 3c ). The upper and lower bands represent p65/p50 and p50/p50 dimers, correspondingly, as estabresulted in only a modest (1.5-to 2.5-fold) increase of IB␣ protein (Figure 3b 14 The LPS stimulation of parental THP-1 cells and the lacZ p50/p50) was inhibited (Figure 3c ). The inhibition of NF-B activation resulted in a substantial suppression of ation. 16 Consistent with that, none of the examined responses to phorbol myristate acetate (PMA) were inflammatory responses to LPS. Induction of IL-1␤ transcription (Figure 4a) , and secretion of cytokines interleuinhibited by overexpression of IB␣ in THP-1 cells. The PMA-induced expression of IL-1␤ mRNA was not kin-6 (IL-6) and IL-8 were significantly inhibited in IB␣-overexpressing clones (Figure 4c) . In a separate experiinhibited in IB␣-transduced clones (Figure 4b ). Neither PMA-induced cell adherence to plastic nor PMA-induced ment, it was found that overexpression of IB␣ did not influence the expression of LPS-binding CD14 receptors differentiation of THP-1 cells 17 were suppressed by overexpression of IB␣ (data not shown). The PMA-induced (data not shown), which indicated that suppression of LPS response was a direct consequence of NF-B differentiation of THP-1 cells causes up-regulation of numerous surface molecules. One of those is Mac-1 inteinhibition.
Compared with LPS, phorbol ester is a weak inducer grin which is responsible for cell adherence to fibrinogen. Expression of CD11b, ␣-subunit of Mac-1, is controlled of NF-B in THP-1 cells, 15 and responses to phorbol ester in these cells are likely to be controlled by other mechby NF-B. 18 It was found that basal expression of CD11b protein was down-regulated in IB␣-transduced cells, anisms, including post-transcriptional message stabilizbut up-regulation of CD11b by PMA remained unaffected (Figure 4d ). This indicates further the specificity of suppression of NF-B-mediated inflammatory responses by gene transfer of IB␣. Here, we demonstrated that a stable expression of deoxynucleotides (ODNs) to NF-B subunits, 28 and double-stranded ODNs 'decoys' with B-binding exogenous IB␣ does provide sustained suppression of multiple inflammatory responses such as induction of sites. 29, 30 It is unclear which approach will provide the most efficacious way to suppress NF-B in vivo, and this cytokines IL-1␤ and IL-6, and chemokines IL-8 and Gro␥ in targeted cells and their progeny. Stable transduction should be established in further studies. However, the efficacy of gene transfer of a single inhibitory molecule of cells with exogenous IB␣ cDNA resulted in a high (more than 100-fold) level of the message expression and for the suppression of multiple inflammatory responses, clearly indicates the feasibility of this kind of antia moderate (three-to four-fold) increase of total IB␣ protein in all cell types examined. This is consistent with inflammatory gene therapy. previous reports indicating that newly synthesized IB␣ protein which is uncoupled to NF-B is unstable and rapMaterials and methods idly degraded. 22 However, even a comparatively lowlevel expression of exogenous IB␣ protein effectively Cells prevented induction of inflammatory responses in endoHuman THP-1 and HT-29 cells were from American metrial stromal and monocytic cells. It is noteworthy that Type Culture Collection (Rockville, MD, USA). Cells glucocorticoids were also shown to only moderately were grown in RPMI 1640 supplemented with 10% fetal increase IB␣ protein level, while drastically suppressing bovine serum and antibiotics (penicillin and strepthe NF-B pathway. 31 into the PLXSN vecwithout apparent degradation of IB␣, this suggests that alternative mechanism(s) are responsible for the control tor. 32 Clonal amphotropic retrovirus-producing packaging cells were derived as described. 32 The titer of vector of the NF-B pathway. However, we recently found that transient expression of the C-terminus truncated version was (1 to 5) × 10 6 colony-forming units (c.f.u.)/ml. The THP-1 and HT-29 cells were transduced with the retroviof IB␣ protein which is resistant to proteolysis and thus allows for a higher level of IB␣ protein expression (SH, ral vectors in the presence of polybrene (8 g/ml) and selected with G418 using effective concentration of 1.4 unpublished), did suppress NF-B-driven reporter gene expression in HT-29 cells. 19 Thus it is possible that using mg/ml (HT-29) and 0.8 mg/ml (THP-1). The single cell clones were established by limiting dilution. To express degradation-resistant forms of IB␣, either truncated IB␣ or negative-dominant mutant 'superrepressor' a tagged exogenous IB␣ in endometrial cells, the 3′-end of the open reading frame of human IB␣/MAD3 cDNA IB␣ 23 would provide a more potent suppression of NF-was spliced in frame with an oligodeoxynucleotide encoappropriate stimuli for the indicated period of time, and nuclear extracts were prepared as described. 35 Binding ding a GluGlu epitope (SH, unpublished). The resulting construct encoding a 38 kDa C-terminus-tagged IB␣ reactions were performed by incubating nuclear extracts with a 32 P-labeled double-stranded oligodeoxynucleotide protein was subcloned into expression vector pcDNA1 (Invitrogen, Carlsbad, CA, USA). The linearized pcDNAprobe containing a B-binding site from the enhancer of murine H-2K b gene. 36 The composition of NF-B com1tagIB␣ vector was cotransfected into human endometrial stromal cells with the linearized plasmid pcDNA1neo plexes was analyzed by supershift with antibodies against the p65 and p50 subunits of human NF-B. 35 The (Invitrogen) carrying the neo gene by calcium phosphate precipitation. Cells were selected with G418 at a concenoligodeoxynucleotide-NF-B complex was separated from unbound probe by nondenatured 5% polyacrylamtration of 0.5 mg/ml.
Retrovirus-mediated gene transfer of IB␣ does not inhibit inflammatory responses in colon epithelial cells
ide gel electrophoresis and visualized with autoradiography. Where indicated, the specificity of NF-B bindmRNA expression mRNA expression was assessed by using semi-quantitating was determined by competition with a cold probe and by pretreatment of nuclear extracts with recombinant ive reverse transcribed polymerase chain reaction (RT-PCR) amplification and by Northern blotting. Total RNA human tagIB␣ protein. was extracted by the guanidine isothiocyanate-CsCl method. 33 For RT-PCR, cDNA was obtained by the reverse transcription of 50 ng of total RNA, as
